Confirmatory factor analysis was used to examine a proposed factor structure of a comprehensive neuropsychological battery used to study patients with schizophrenia and related psychotic disorders (n = 209). An a priori six-factor model and five nested models were evaluated successively, using maximum likelihood confirmatory factor analysis. In all multifactor models, the factors were significantly intercorrelated. A six-factor model with two pairs of correlated errors fit the neuropsychological data significantly better than competing models with fewer factors. The six factors included verbal crystallized, attention/working memory, verbal episodic memory, speed of information processing, visual episodic memory, and reasoning/problem solving. Severity of negative symptoms was significantly associated with worse performance on attention/working memory and verbal crystallized factors, but positive symptoms, depression, and a summary measure of psychopathology were not significantly related to neuropsychological performance. Impairment on a performance-based measure of functional capacity was significantly related to all neuropsychological factors. A simultaneous confirmatory factor analysis using the original sample and a group of healthy subjects (n = 131) demonstrated that the six-factor model of cognition was generalizable and applied equally well to both groups.
To interpret the results of a neuropsychological test battery in terms of impairment in discrete brain regions or systems, neuropsychologists make assumptions about the underlying organization of cognitive functioning into distinct ability areas. The grouping of tests into "fuzzy sets," apparent in the organization of clinical neuropsychological assessment reports, is meant to represent the various cognitive domains. The organizational scheme may be guided by what is known about brain localization of function, cognitive science research, correlational studies, and prevailing theories and traditional lore about the relationship among neuropsychological abilities. For example, Lezak (1995) proposed that cognitive functions can be divided into four major classes-receptive functions, learning and memory, thinking, and expressive functions-which are analogous to the computer operations of input, storage, processing, and output.
Theories about brain organization and functional abilities have guided the development of some newer neuropsychological tests (e.g., Delis-Kaplan Executive Function System [Delis et al. 2001] ), but many tests were developed without any clear understanding of relationships between brain function and test performance. Many tests do not always or specifically tap the cognitive domains, or brain regions, that they are presumed to measure (Anderson et al. 1991; Reitan and Wolfson 1995; Axelrod et al. 1996) . Furthermore, when the underlying organization of neuropsychological tests is investigated, the hypothesized relationship between measures and cognitive domains has not always been validated (Leonberger et al. 1981; Larrabee and Curtis 1995) .
Most previous studies examining the underlying structure of neuropsychological test batteries have employed exploratory factor-analytic techniques. Exploratory factor analysis (Gorsuch 1988) provides an empirical method to understand the basic abilities that underlie test batteries and, therefore, can facilitate our attempt to understand how different psychiatric and neurological conditions affect brain function. Confirmatory factor analysis (CFA) can also be used to confirm the hypothesized model of neuropsychological abilities.
Send reprint requests to Dr. D.V. Jeste, Professor of Psychiatry and Neurosciences, Director, Geriatric Psychiatry, University of California, San Diego, VA San Diego Healthcare System, 116A-1, 3350 La Jolla Village Drive, San Diego, CA 92161; e-mail: djeste@ucsd.edu. CFA offers several advantages over the exploratory techniques. First, variables are grouped into factors a priori, based on theory and previous research findings, rather than a computer algorithm. This allows the researcher to evaluate a particular model as well as specific alternative models. CFA also provides indexes and statistical tests that evaluate the fit of a particular a priori or competing model to the observed data. A major strength of CFA is that it allows for comparisons of competing models (Hoyle and Panton 1995; Maruyama 1998) . When nested models (e.g., where each subsequent model is composed by combining one or more factors from the previous model into a single factor, resulting in at least one less factor) are compared using CFA, the fit indexes for each competing model may be statistically contrasted against all others, so that the best-fitting model may be identified. Exploratory factor analysis, on the other hand, may not be equipped to contrast the specific competing models that may develop in a research area.
When the organization of test batteries has been tested empirically, most researchers have looked at relatively small subsets of tests, such as the Wechsler scales (Wechsler 1981 (Wechsler , 1991 (Wechsler , 1997a (Wechsler , 1997fc, 2003 . Few factoranalytic studies have looked at larger neuropsychological batteries that include both memory and nonmemory tests. Nonetheless, when the results of various factor-analytic studies are examined, a number of common themes emerge, including verbal ability/language skills (Larrabee et al. 1983; Woodcock and Johnson 1989; Moehle et al. 1990; Heaton et al. 1995; Allen et al. 1998a; Ponton et al. 2000) ; visual-spatial/perceptual-motor skills (Larrabee et al. 1983; Woodcock and Johnson 1989; Moehle et al. 1990; Heaton et al. 1995; Allen et al. 1998a ); speed of information processing (Larrabee et al. 1983; Woodcock and Johnson 1989; Heaton et al. 1995) ; attention/concentration/working memory (Skilbeck and Woods 1980; Leonberger et al. 1981; Larrabee et al. 1983; Bornstein and Chelune 1988; Compton and Adams 1992; Heaton et al. 1995) ; learning and memory (Skilbeck and Woods 1980; Larrabee et al. 1983; Woodcock and Johnson 1989; Heaton et al. 1995) ; psychomotor skills (Ponton et al. 2000) ; and reasoning/abstraction (Leonberger et al. 1981) . While some studies have found separate verbal and visual learning and memory factors (e.g., Compton and Adams 1992; Moore and Baker 1997) , not all studies included enough memory tests to look at verbal and visual abilities individually. The largest, most comprehensive factor-analytic study of neuropsychological abilities to date, which included more than 1,000 subjects from the Wechsler Adult Intelligence ScaleThird Edition (WAIS-III)/Wechsler Memory Scale -Third Edition (WMS-III) standardization sample, found six factors, including verbal comprehension, working memory, perceptual organization, processing speed, verbal learning and memory, and visual learning and memory .
The goal of the present study was to identify the factor structure underlying a battery of 21 neuropsychological tests commonly used to study cognitive functioning in adult patients with schizophrenia and related psychotic disorders. The tests were designed to tap crystallized verbal abilities, reasoning/problem solving, attention/working memory, speed of information processing, and verbal and visual episodic memory. The formulation of our hypothesized factor model was based on earlier exploratory factor analyses with a smaller subsample and the findings of previously published factor analyses of similar neuropsychological batteries, including the WAIS and the WMS (Wechsler 1981 (Wechsler , 1987 . We also examined the appropriateness of the model for a healthy comparison group and assessed the difference between groups on mean factor scores. As an additional check on the predictive validity of the derived factors, relationships between neuropsychological factors and clinical and functional capacity variables were investigated for the patient group.
Method

Participants
Patients. Participants in this study included 209 individuals with psychotic disorders. This included 126 middle-aged and older patients from our research center on late-life psychoses at the University of California, San Diego (UCSD), and 83 patients ages 18 to 48 from the UCSD Outpatient Psychiatry Clinical Research Center. Many of these participants have contributed data to prior reports from these centers (Heaton et al. 2001; Evans et al. 2003) . Specific diagnoses, established using the Structured Clinical Interview for DSM-III-R (Spitzer et al. 1990 ), included schizophrenia (n = 172), schizoaffective disorder (n -17), delusional disorder (n = 10), and psychosis not otherwise specified (n -10). Patients were examined by a physician and were excluded if any of the following criteria were met: history of significant head trauma or other neurological conditions, current substance abuse or dependence, or primary language other than English.
The patients' mean age was 47.1 years (standard deviation [SD] = 16.5; range = 18-85) and mean years of education was 13.2 (SD = 2.4; range = 7-20) years. Sixtyfive percent of the subjects were men; 85 percent were Caucasian, 8 percent were African-American, 5 percent were Latino/Hispanic, and 2 percent belonged to other ethnic groups.
It should be noted that we used a mixed sample of psychotic disorders rather than a sample restricted to those with specific diagnoses of schizophrenia. Prior studies have suggested that the neuropsychological profiles among patients with schizoaffective and delusional disorders do not differ significantly from those of patients with schizophrenia (Evans et al. 1996 (Evans et al. , 1999 . Additionally, use of the full sample allows for greater stability of the generated factors. However, we did repeat the analyses after restricting the sample to those 172 patients with specific diagnoses of schizophrenia. We summarize the results of those reanalyses below and contrast them to the findings achieved with the full sample.
Healthy comparison subjects. We also employed data from 131 middle-aged and older healthy comparison subjects recruited from the community as control subjects for our late-life psychoses research center studies. Selected to match the middle-aged and older subsample only, these healthy comparison subjects were not comparable to the total patient group on some demographic characteristics, such as age, ethnicity, and gender composition. The healthy participants tended to be older (mean = 66.4 years, SD = 14.8) and had a lower proportion of males (38%) and of Caucasians (70%); education levels were comparable to those in the patient group (mean = 13.4 years, SD = 2.4). The healthy comparison participants received the same assessments as the patients. Their data were not included in the original CFA but were used in subsequent analyses for comparison purposes. All participants provided written informed consent and were modestly compensated for their time.
Neuropsychological Assessment. All patients and healthy comparison subjects were administered a comprehensive neuropsychological battery by trained research assistants. The test battery was selected to reflect neuropsychological abilities important to the study of schizophrenia and included selected subtests of the WAIS-R ( [Wechsler 1981 ] Information, Digit Span, Vocabulary, Arithmetic, Similarities, Block Design, and Digit Symbol); Trailmaking Test Parts A and B (Reitan and Wolfson 1993) ; Boston Naming Test (Kaplan et al. 1983 ); Letter Fluency (Gladsjo et al. 1999 ); Story Memory (Heaton et al. 1991) ; Figure Memory (Heaton et al. 1991) ; California Verbal Learning Test (CVLT; Delis et al. 1987) ; Digit Vigilance (Lewis and Rennick 1979) ; Grooved Pegboard (Matthews and Klove 1964) ; Wisconsin Card Sorting Test (Heaton et al. 1993); and Booklet Category Test (DeFilippis and McCampbell 1979) . Most of these tests are widely used in clinical neuropsychological assessment as well as in research on cognitive abilities in schizophrenia (Butler et al. 1991) . Raw test scores were converted to scaled scores having a mean of 10 and standard deviation of 3 within large normative adult samples, according to published data (Heaton et al. 1991 (Heaton et al. , 1993 Heaton 1992; Gladsjo et al. 1999; Norman et al. 1999 1976) . The research assistants who administered and scored these scales were kept blind to diagnosis and neuropsychological performance. Patients were clinically stable and had relatively mild severity of current psychopathology (SAPS total mean = 6.1, SD = 3.9; SANS total mean = 9.3, SD = 5.2; BPRS total mean = 35.0, SD = 10.5; HAM-D total mean = 9.8, SD = 6.0).
Information regarding participants' medical history was obtained from the participants and when available, the subjects' family members and significant others (with subjects' consent), as well as through review of available medical records. Current daily dose of antipsychotic medications was converted to milligrams of chlorpromazine equivalent (CPZE; Jeste and Wyatt 1982) ; anticholinergic dose was converted to benztropine equivalent (BZE) (de Leon et al. 1994) . For patients who were currently taking antipsychotic medications (71 %), the median daily CPZE was 270 milligrams. Median anticholinergic dose for the minority of patients (32.5% of the sample) currently taking these medications was 4 milligrams BZE. Patients not taking medications were psychiatrically stable and had been tapered off their medications to avoid the side effects of long-term antipsychotic use (e.g., tardive dyskinesia). Other medications taken included benzodiazepines (17% of patients), tricyclic antidepressants (14%), selective serotonin reuptake inhibitors (8%), mood stabilizers (5%), sedatives (2%), and bupropion (2%). Fifteen percent of the patient sample was not taking any psychiatric medications.
Functional Assessment. A subset of 69 patients completed the Direct Assessment of Functional Status scale (DAFS; Loewenstein et al. 1989) . The DAFS, a directobservation, performance-based measure of everyday living skills, assesses abilities such as balancing a checkbook, knowing the meaning of traffic signs, and following a grocery list in a mock grocery store. This measure was introduced later in the study and thus was not given to all participants. The majority of the participants who completed the DAFS were also included in a detailed exami-nation of the DAFS and neuropsychological ability (Evans et al. 2003) ; however, that study used somewhat different groupings of the neuropsychological tests.
CFA. We adopted CFA to estimate the parameters of and to evaluate the fit of a priori and alternative confirmatory factor models (CFMs) for the measurement of neuropsychological functions in the patient sample. We used the Amos software (Arbuckle 1997 ) to implement the steps described by Hoyle (Hoyle and Panton 1995) and outlined below: 1. Specification of the model. Theoretical considerations and some recent work with a number of similar measures from the WAIS-III and the WMS-III (Tulsky et al. 1998 ) led us to postulate an a priori CFM with six common factors. The factors of this initial a priori model were presumed to be correlated (because of common contributions of g) but not causally related to one another. The unique factors (comprising specific and error components) associated with the 21 observed variables were presumed to be uncorrelated with the common factors and with one another. For the purpose of brevity, we will henceforth refer to the unique factors as "error" factors. Each test variable was presumed to be an indicator of only one of the six factors and associated with only one of the error factors. We also proposed several nested, alternative models with one to five common factors. The same assumptions regarding correlated common factors and uncorrelated error factors pertain to these nested alternative models as to the a priori CFM. 2. Identification of the model. The measurement scale of each unobserved variable was fixed by arbitrarily setting its regression weight to 1, in one of the set of equations defining the given model. These constraints appeared to be sufficient to make the model identified in the a priori CFM, and similarly in each nested alternative CFM. 3. Estimation of parameters. The maximum likelihood (ML) method was used to estimate the parameters of the CFM. Because the ML method requires the assumption of normality, distributions of all neuropsychological variables were examined to determine whether they met the assumptions of univariate and multivariate normality. Hence, several of the observed variables were transformed prior to employing the CFA. Because we are interested in the associations between each factor and its indicator variables as well as the associations among factors, we also calculated standardized parameter estimates. Because more general models (models with more common factors) have fewer constrained parameters, they necessarily fit better-that is, have smaller x 2 -The adjusted x 2 , AGFI, and AIC attempt to account for this fact. Then, several relative indexes were estimated, comparing each multifactor model to the null factor model, comparing each multifactorial model to the one-factor model, comparing each model to the nested model with one factor fewer, and comparing the respecified model to each nested model. In each of these comparisons, the Tucker-Lewis index (TLI), also known as the nonnormed fit index, was estimated. Finally, in each of these comparisons, we report the change in x 2 and we test the significance of the change in x 2 -5. Respecification of the model. We examined whether the fit could be improved by adding a pair of correlated error terms (correlated because of method variance) within the a priori six-factor model.
Rationale for Models Tested. Each of the six models was based on successively subtler distinctions between cognitive abilities. A one-factor model was included to evaluate the hypothesis that the tests tapped a general cognitive ability similar to g (Spearman 1927 ). The twofactor model evaluated the presence of verbal (verbal ability) and performance (visual/speeded processing) factors, which are consistent with Wechsler's original concepts of verbal and nonverbal intelligences (Wechsler 1939) . After this initial dichotomization, the order in which we chose to further identify cognitive factors was somewhat arbitrary, but the distinctions were grounded in contemporary theory and previously identified cognitive factors. Based on the distinctions between "fluid" and "crystallized" cognitive abilities proposed in Horn and Cattell's influential Gf-Gc theory (Horn 1989; McGrew 1997) , our three-factor model distinguished more crystallized verbal abilities (verbal intelligence) from "fluid" verbal processing (verbal episodic memory), as well as retaining the full visual/speeded processing factor. The distinction between verbal intelligence and verbal episodic memory is also based on the neurologically vali-dated distinction between episodic and nonepisodic memory (Squire and Kandel 1999) . Our four-factor model is based on factor-analytically derived distinctions from the most recent versions of the Wechsler intelligence scales (Wechsler 1991 (Wechsler , 1997a (Wechsler , 19976, 2003 , where processing speed (speed of information processing) is separated from other visual performance tests (visual processing). The five-factor model further separated verbal intelligence into verbal crystallized and attention/working memory components. This proposed separation of working memory from verbal crystallized is longstanding in the Wechsler Intelligence Scale for Children/WAIS literature (Kaufman and Lichtenberger 1999) , and the five factors in this model mirror the five Gf-Gc "broad" factors of the Wechsler individual tests as mapped out by McGrew (1997) . The final separation of factors for the six-factor model included all of the above factors as well as dividing visual processing into two components: visual episodic memory and reasoning/problem solving. The WAIS-III/WMS-III factor-analytic study did not generate a reasoning/problem-solving factor, primarily because there are few measures in the WAIS-III/WMS-III that are designed to tap into this area of cognition. However, measures of executive functioning are an important aspect of human functioning and are of particular importance for schizophrenia patients (Green et al. 2000; Palmer and Heaton 2000) . Recent factor-analytic studies of the WAIS-III/WMS-III found that visual learning and memory was distinct from verbal learning and memory .
Assignment of Neuropsychological Tests to Cognitive
Factors. While recognizing that neuropsychological tests are multifactorial, we attempted to assign each test to the cognitive factor that best represented the test. The vast majority of our tests have been assigned in a fashion that mirrors the structure elucidated in the WAIS-III/WMS-III standardization (Psychological Corporation 1997; ) and other studies of how individual neuropsychological tests fall into broad cognitive factors (Horn 1989; McGrew 1997) . The assignment of two neuropsychological tests (Letter Fluency and Block Design) may not be intuitively obvious. The Letter Fluency test could be placed with other verbal tests; however, this test is performed under time constraints and requires the rapid retrieval of information from semantic memory. Given that our patient sample was nonaphasic, we felt that this test was better placed with speeded processing measures. The Block Design test was assigned to the reasoning/problem solving factor. Block Design clearly has a visuospatial component, and had our battery of neuropsychological tests contained other similar measures (e.g., Hooper Visual Orientation Test, Judgment of Line Orientation), this test might have been grouped differently. However, among the tests present in our battery, Block Design appeared to be best suited for assignment with other tests that require the patient to use visual information to solve problems (i.e., Halstead Category Test, Wisconsin Card Sorting Test).
CFA in the Health Comparison Group and in the Two
Groups Simultaneously. Although our healthy comparison group was smaller than our patient sample and differed in potentially important characteristics, we addressed the question of the generalizability of the respecified six-factor model in this group.
We performed CFA on the two groups simultaneously, maintaining group identity, to address the question of the appropriateness of the respecified six-factor structural model for both groups. Because distributions of the observed variables differed between the two groups, no transformations were used for this analysis. We compared successively constrained models to evaluate the question of the equality of the parameters between groups. First, we tested the plausibility of the equal regression weights between groups by constraining them to be equal. In succession, we tested the plausibility of equal common factor covariances between groups, the plausibility of equal common factor variances between groups, the plausibility of equal error covariances between groups, and finally, the plausibility of equal error variances between groups by constraining each successive set of parameters to be equal in the two groups. These were nested models, with successively more sets of constraints on the parameters.
Validity of the Six Common Factors.
To assess the clinical utility of the derived common factors, factor scores for the healthy comparison subjects and the 172 patients with schizophrenia were compared by calculating the effect size of the difference between these two groups (the nonschizophrenia patients were excluded from this comparison). Because the demographic characteristics of the healthy control group differed significantly from those of the patients with schizophrenia, unweighted factor score estimates for subjects in both groups were calculated using the following technique. Factor score estimates were derived for each participant by calculating the mean demographically corrected T score for the tests composing each factor, and equal weighting of each test variable within a factor was employed (Wainer 1976; Gorsuch 1988) . (Tests defining a factor were given a weight of one, while the other tests were weighted zero.) Use of the mean T score provided demographic corrections for the neuropsychological test scores and facilitated the comparison of diagnostic groups that differed in terms of age, gender, and ethnicity. Scaled scores for each measure were converted to demographically corrected T scores, based on published normative data (Heaton et al. 1991 (Heaton et al. , 1993 Heaton 1992; Gladsjo et al. 1999; Norman et al. 1999 ). In the healthy population, T scores are normally distributed with a mean of 50 and standard deviation of 10.
As a further check on the predictive validity of the CFA-derived factors, Pearson correlations between each of the neuropsychological factors and measures of psychiatric symptoms and functional capacity were examined in the patient group. When relationships between common factors and measures of clinical functioning in the patient group were examined, factor scores for each subject on the six factors were calculated by taking the mean scaled score for the tests composing each factor (again, equal weighting of each test variable within a factor was employed).
Results
CFA of the Patient Group
Specification and respecification of the model. The a priori six-common-factor CFM, and the five alternative models nested in the six-factor model, are specified in table 1. Because certain errors were assumed to be correlated, we also examined a six-factor-plus model (also referred to as the respecified six-factor model) that included two sets of correlated errors. The correlations between errors that were added to the six-factor model were (1) the correlation between the unique components of the CVLT Long-Delay Free Recall and the CVLT Monday Trials 1 to 5, and (2) the correlation between the unique (or error) components of Trails A and B. Common method variance shared between the two CVLT tasks and between the two trail-making tasks guided the decision to allow these errors to be correlated. Identification of the model. For each model shown in table 1 and for the six-factor model with two pairs of correlated errors, the number of parameters to be estimated did not exceed the total number of independent parameters possible. All models were identifiable.
Estimation of parameters of the respecified sixfactor model. The variance-covariance matrix of the observed variables was analyzed to estimate the parameters of the respecified six-factor model. The ML standardized regression weights for the observed indicator variables on the six common factors of the respecified six-factor model are given in table 2 along with the R 2 . The ML-generated correlations among the six common factors ranged from 0.445 between the verbal crystallized factor and speed of information processing, to 0.859 between visual episodic memory and reasoning/problem solving. The latter correlation is indeed high; however, as shown below, the respecified six-factor model fit the data significantly better than a null model, significantly better than the a priori six-factor model, and significantly better than all the models in between (including the five-factor model that combines visual episodic memory and reasoning/problem solving within the same factor; Ax 2 = 115.3, Mf=l,p<0M\).
Assessment of fit. The various absolute indexes of fit are displayed in table 3. The fit of each identified model was also evaluated relative to the null model, and relative to the model with one fewer factor. These fit indexes are given in table 4.
The absolute measures of fit, reported in table 3, become increasingly good as the models become increasingly complex, as we expected they would. A X 2 /df between 1.0 and 2.0 is considered very good (Byrne et al. 1989) . The x 2 /<//for the six-factor model is 2.05 and for the respecified six-factor model is 1.62. A GFI of 1.0 indicates a perfect fit of the model to the data. The GFIs of 0.86 and 0.89 for the a priori six-factor and respecified six-factor models, respectively, are just short of the 0.90 accepted criterion of "very good fit." RMSEA of 0 indicates a perfect fit of the model to the data. The RMSEA of 0.05 for the six-factor model with two pairs of correlated errors is considered a "close fit" (Browne and Cudeck 1993) . The AIC decreases (indicating better fit) with increasing complexity of the models. The exception is the poorer fit for the saturated model when compared to the respecified six-factor model. The goodness-of-fit indexes that we found for our respecified six-factor model compare favorably to those published for the WAIS-III (Psychological Corporation 1997). Similar results were found for AGFI and RMR, although for purposes of brevity these statistics are not presented here.
The relative measures of fit comparing the models to the null model, reported in table 4, become increasingly good as the models increase in complexity, with the a priori six-factor model TLI being 0.911 and the respecified six-factor model TLI being 0.948, approaching the typical maximum of 1.0 (TLI, unlike the other relative indexes, does not have an absolute maximum). These TLI values are both above the desired "good fit" value of 0.90, with the respecified six-factor model right at an even more stringent level of strength of fit (0.95). All improvement chi-squares are significant at a = 0.001.
The TLIs comparing the successive nested models, also shown in table 4, indicate the largest incremental change when comparing the one-factor model to the null model (TLI = 0.663), comparing the four-factor model to the three-factor model (TLI = 0.411), and comparing the respecified six-factor model to the a priori six-factor model (TLI = 0.412). However, all improvement chi- squares were significant at a = 0.001, showing that there is significantly improved fit for each increasingly complex model. The degree of improvement of the respecified sixfactor model over each of the alternative nested models is also shown in table 4. In particular, it may be noted that the TLI of 0.845 comparing the respecified six-factor model to the one-factor model in our study exceeds the TLI of 0.82 obtained for the comparison of both the four-factor and the five-factor models to the one-factor model in the WAIS-UI factor analysis (Psychological Corporation 1997).
Schizophrenia Subgroup Analyses. The general pattern of results, increasing fit with more complex models, remains regardless of the group examined. All analyses that were significant with the full sample (n = 209) remained significant when examined in the "schizophrenia-only" group (n = 172). Absolute and relative indexes of fit were nearly identical and support the use of the mixed sample as being representative of the schizophrenia-only group. Furthermore, 17 of 21 factor loadings for the mixed psychosis group and the schizophrenia group were within ±0.02 of one another, with the greatest discrepancy being ±0.065.
Simultaneous Analysis of Two (Patient and Normal)
Groups. The absolute indexes of goodness of fit of the Note.-AlC = Akaike information criterion; GFI = goodness of fit index, RMSEA = root mean square error of approximation, x 2 is a measure of the discrepancy between the model and the data. All x 2 s except that for the saturated model are significant at the a = 0.001 level (i.e., all models are significantly discrepant from the data). All PCLOSEs for corresponding RMSEAs except those for the 6-factor-plus model and the saturated model are significant at the a = 0.001 level. PCLOSE is the p value for testing the null hypothesis that population RMSEA is not greater than 0.05; PCLOSE < 0.001 for all models tested except the 6-factor-plus model. PCLOSE for the 6-factor-plus model is 0.26. AlC is a weighted sum of the discrepancy between model and data (x 2 ) and the complexity of the model (the number of parameters being estimated by the model). It declines as we move from the null model to the 6-factor-plus model, which is lower than the AlC for the saturated model. six-factor model with two pairs of correlated errors and with no parameter equality constraints between groups (Model A), reported in table 5, were generally only slightly worse than those for the original patient sample CFA indexes of fit, and the RMSEA was actually improved. All in all, the same structural model appears to suit both patient and healthy groups as well as it did the patient group alone. We then sequentially added additional constraints in Models B through F to determine whether additional parameters (e.g., regression weights, factor covariances, variances), as well as the structural model, could be considered the same for both groups. We found that for the final model, in which all corresponding parameters were assumed to be the same in the two groups (Model F), x 2 and GFI were slightly worse, while X 2 /df, RMSEA, and AIC were slightly improved. Increments in overall x 2 were tested for significance at a = 0.05 with no significant increment observed between any pair of models A through F. We conclude not only that the same structural model fit equally well for both groups but that the corresponding parameters may be assumed to be equal as well.
Pattern of Impairment on the Factor Scores. To assess the utility of the six factors in capturing the pattern of cognitive strengths and weaknesses in patient groups, we compared the performance of the patients with schizophrenia and the healthy control subjects on each mean T score estimated factor. Figure 1 shows the effect size of difference in means between the groups on each mean T score estimated factor. While the patients with schizophrenia were found to be impaired on all factors, a pattern of differential deficits across the six domains was observed. Speed of information processing, verbal episodic memory, and reasoning/problem solving domain effect sizes fell roughly into the "large" effect size range (Cohen et al. 1988) , while the remaining three domains (verbal crystallized, attention/working memory, and visual episodic memory) had "medium" effect sizes.
Relationship of the Six Neuropsychological Factors
With Clinical Variables. Pearson correlations between each of the mean scaled score estimated factor scores and measures of psychiatric symptoms and medication status were calculated for the patient sample only. Because of multiple comparisons, an alpha of 0.01 was used to assess the significance of the correlations. Severity of negative symptoms (SANS total score) was modestly related to worse performance on two of the six neuropsychological domains, with correlations of-0.231 (p < 0.001) with attention/working memory, and -0.194 (p < 0.01) for verbal crystallized. Negative symptoms were not significantly correlated with speed of information processing, reasoning/problem solving, verbal episodic memory, or visual episodic memory. Positive symptoms (SAPS total), severity of depression (HAM-D total), overall level of psychopathology (BPRS total), and medication dose did not have significant associations with performance on any of the neuropsychological domains. In the case of the 6-factor-plus model, the comparison is with the 6-factor model, and in the case of the saturated model, the comparison is to the 6-factor-plus model.
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This is the usual Tucker-Lewis index comparing other models to the null model. Note.-AIC = Akaike information criterion; GFI = goodness of fit index, RMSEA = root mean square error of approximation. Model A is the 6-factor model with 2 pairs of correlated errors for each ,group (the same structural model as the one developed on the patient groups only). Model B is the same as Model A except that the respective regression weights for the 2 groups are assumed to be equal. Model C is the same as Model B except that the respective common factor covariances for the 2 groups are assumed to be equal. Model D is the same as Model C except that the respective common factor variances for the 2 groups are also assumed to be equal. Model E is the same as Model D except that the respective error covariances for the 2 groups are also assumed to be equal. Model F is the same as Model E except that the respective error variances for the 2 groups are also assumed to be equal. All 6-factor-plus models have a poorer fit than the saturated model on x 2 , GFI, and RMSEA. However, all models tested have a close fit (RMSEA < 0.05; PCLOSE > 0.866). All specified models have a better fit on AIC than either the null or the saturated model. Functional capacity (DAFS total) was significantly positively correlated with each of the six neuropsychological factors, with correlations ranging from a low of 0.46 for reasoning/problem solving to a high of 0.641 for speed of information processing.
Discussion
Examination by CFA of successive nested models indicated that a six-factor model with two pairs of correlated errors best fit the data from a comprehensive neuropsychological battery, confirming our hypothesized model. This factor structure fit significantly better than models with fewer factors. The six factors that accounted for the latent organization of cognitive functions were verbal crystallized, attention/working memory, verbal episodic memory, speed of information processing, visual episodic memory, and reasoning/problem solving. The best model fit was achieved when the unique (or error) components of some variables that shared method variance were allowed to correlate. The decision to add the two pairs of correlated errors to the a priori six-factor model was based on method variance considerations, and the fit improved with this addition. However, our sample size was modest and this modification was made post hoc. Hence, the respecified model may have less likelihood of replication than the six-factor a priori model.
Replication of our CFA may be warranted before definitive conclusions about the generalizability of this model are established. However, the fact that the parameters reestimated on both patient and healthy control groups simultaneously fit as well as or nearly as well as parameters fit individually to the original full patient group provides support for the generalizability of this model.
It is difficult to compare the results of the present confirmatory analysis with findings from previous factoranalytic studies because of differences in the composition of the test batteries. These differences in battery composition may cause substantial changes in factor pattern results (Gorsuch 1974) . Many previous studies have focused on the Wechsler Intelligence or Memory Scales (WISC, WAIS, or WMS) (Larrabee et al. 1983; Bornstein and Chelune 1988; Allen et al. 1998a, 19986) or have focused primarily on specific cognitive abilities (Sullivan et al. 1993; Lieh-Mak and Lee 1997) , such as memory (Compton and Adams 1992) , rather than more comprehensive neuropsychological functioning. Nonetheless, where the batteries do overlap, certain common factors emerge across studies. For example, in factor analyses of neuropsychological batteries using tests from the Wechsler intelligence scales, verbal and attention factors frequently emerge (Larrabee et al. 1983) . Speeded motor processing has also been found in several previous studies (Woodcock and Johnson 1989) . A recent WAIS-III/WMS-HI combined exploratory factor analysis, using a large standardization sample of healthy individuals, achieved a six-factor solution similar to ours . These factors included verbal comprehension, processing speed, working memory, perceptual organization, verbal learning and memory, and visual learning and memory. At least five of these six factors are comparable to those confirmed to be present in our neuropsychological test battery. Consistent with the findings from that factor analysis, in our study separate verbal and visual episodic memory factors were confirmed.
We did not attempt to identify separate learning and memory factors for several reasons. First, our battery did not include enough learning/memory tests to compose separate learning and memory factors (e.g., there was only one visual test). Factor analyses generally require multiple salient variables per factor for optimal model stability (Gorsuch 1988) . Second, even in the WAIS-HI/WMS-III normative study that included several learning/memory tasks and more than 1,000 subjects, learning and memory scores were too highly correlated to warrant separate factors (Price et al. 2002) .
Although the initial confirmatory analysis was conducted on a sample of patients with schizophrenia and related psychotic disorders, there was no reason to expect that the factor structure of the neuropsychological battery would differ from that of healthy individuals (Baser and Ruff 1987; Fowler et al. 1988; Allen et al. 1998a) . In fact, the few studies that have compared the factor structure of neuropsychological batteries on more than one sample of subjects (both healthy and either psychiatric or neurological) have found negligible differences-no greater than that expected in any cross-validation. We found that the CFA model derived for the patients with psychotic disorders fit equally well for healthy comparison subjects. That is, a six-factor model with two pairs of correlated errors best described the latent structure of the neuropsychological battery with both groups. Differences between healthy subjects and patients appear to be a function of the level of performance rather than a difference in the fundamental organization of tests into cognitive domains.
As expected from previous studies, schizophrenia patients performed more poorly than healthy comparison subjects on all six neuropsychological factors. The pattern of neuropsychological functioning was consistent with a pattern of differential deficits superimposed on generalized cognitive deterioration, as shown in a number of previous studies (Heinrichs and Zakzanis 1998) . At least at the group level, schizophrenia patients did worse on the speed of information processing, verbal episodic memory, and reasoning/problem solving factors, while attention/working memory, visual episodic memory, and verbal crystallized were relatively less impaired but still worse than those in the healthy comparison sample.
Neuropsychological performance on two of the six factors was related to severity of negative symptoms, but none of the factors was related to positive symptoms, depression, or global psychopathology. Other researchers have found similar, modest correlations between negative symptoms and neuropsychological test performance (Green et al. 2000) . However, the association in this study was quite modest and did not involve the neuropsychological factors that were most impaired relative to healthy individuals. On the other hand, we found that neuropsychological performance was significantly and more meaningfully related to functional capacity. These findings are consistent with a growing literature suggesting that neurocognitive impairment is an important dimension in characterizing the impact of schizophrenia, yet one that is at least partially distinct from psychopathologic symptoms targeted in standard treatment (Palmer et al. 1997; Green et al. 2000) .
In summary, we conducted a CFA of a neuropsychological test battery used to assess patients with schizophrenia and related psychotic disorders. We found that a six-factor model best fit the data for separate samples of patients with psychotic disorders and healthy comparison individuals. The similarity of the present CFA solution to the recent findings with the combined WAIS-III and WMS-III factor analyses provides further evidence for the generalizability of these results.
